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SECTION I
INTRODUCTION

[
§
—

1. PURPQOSE
This document presents, locates, and describes the Saturn IB electrical
ground support equipment (EGSE) that is under the design cognizance of the
Launch Support Equipment Engineering Division for Launch Complex 34 (LC-34)
as presently defined,

1-2, SCOPE

This document is limited to a description of the EGSE provided by, or
under the design cognizance of, the Launch Support Equipment Engineering
Division for LC-34, Eastern Test Range (ETR), Cape Kennedy, Florida. The
design of much of the equipment described herein is not yet complete. This do-
cument therefore will be revised to reflect changes and modifications as they
occur. In broad terms, however, the function and purpose of the systems and
equipment described are not expected to change.

1-3. LAUNCH COMPLEX 34

LC-34 is located within the Eastern Test Range and provides the facilities
and equipment necessary to receive, assemble, check out, and launch Saturn IB
vehicles with their payloads. LC-34 consists of the following major categories of
facilities or equipment:

. Launch Pedestal

Automatic Ground Control Station (AGCS)
Umbilical Tower

Launch Control Center (LCC)

Propellant Facilities

High Pressure Gas Facilities

o o0 TR

LC-34 is designed for fixed operation; that is, the vehicle is assembled
and checked out on the launch pedestal at the launch pad. Assembly and service
of the vehicle is accomplished through the use of a mechanized mobile tower and
platform structure called the service structure. Assembled vehicle checkout
and launch activity in the pad area are accomplished by the use of automatic check-
out equipment that is located in the LCC.

The major items of equipment or facilities designed by the Launch Support
Equipment Engineering Division for LC-34 to implement the Saturn IB program are:

1-1
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a. Firing Accessories

b. Propellant Facilities

c. High Pressure Gas Facilities

d. Environmental Control Systems (ECS)

The general layout of the launch equipment electrical system for Saturn
IB is presented in figure 1-1,

The launch equipment electrical system for Saturn IB on Launch Complex
37 (LC-37) is essentially the same as that on LC-34 except as indicated in figure
1-1. LC-37 does not have valve panels 2 and 4 and equipment locations are
different from LC-34 in some instances. Electrical interconnect drawings are
therefore different for the two complexes.

The location of the racks and other major launch equipment electrical
items is presented in figure 1-2,
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SECTION II
FIRING ACCESSORIES AND GROUND ELECTRICAL NETWORKS

2-1. PNEUMATIC CONTROL SYSTEM

The pneumatic control system provides the control and monitor functions
for the gaseous nitrogen (GNy) and helium (H,) systems at the launch pad. The
control and monitor panels provided by Marshall Space Flight Center (MSFC)
are located in the LCC blockhouse. The electrical interface of the MSFC panels
and the Kennedy Space Center (KSC) pneumatic control distributors is relay
distributors 55A1A1 and 55A1A2 in the first floor of the AGCS. Relay modules
in the relay distributors in the AGCS provide the required logic for the con-
trolling and monitoring functions for the pneumatic and hydraulic systems.

The following valve panels and components, located on the launch
pedestal, are connected to distributor 69 in the AGCS by way of distributor
53A5, which is located on the bridge between the launch pedestal and the AGCS.

a. Thrust Chamber (TC) Fuel Purge Vent System - Launch Equipment
Branch (DE)

b. Launch Valve Panels 2 and 4 - (DE)

c. Holddown Arms Valve Panel - Launcher-Transporter Systems Branch (DL)

d. Fuel Mast Valve Box - (DE)

e. Holddown Arms Released Limit Switches (Fins 1 through 4 and
Fins 1-S through 4-S) - DL

f. Liquid Oxygen (LOX) Mast Valve Box - DE

g. Launcher Junction Box - DE

h. Engine Servicing Platform - DE

i. Engine Removal Winch - DE

. Lift-Off Switches (Fins 1 and 3) - DE

k. UB Control Box - DE

The cables between this listed equipment and the junction (J) boxes and the cables
between distributor 53A5 and facility distributor 69 are designed and provided by
DE. The cable interconnect drawing is presented in figure 2-1.

Pneumatic control distributors 55A10A1 and 55A10A2 interconnect with
the various GNg components, transducers, and valve panels. Pneumatic control
distributors 55A10A3 and 55A10A4 interconnect with the various Hg system com-
ponents, transducers, and valve panels located in the first floor of the AGCS.
Distributors 55A10A1 through 55A10A4 provide the interconnect between the end
items and relay distributor 55A1A2. Relay distributor 55A1A2 contains the
relay modules that perform the DE logic functions; this distributor also serves

2-1/2-2
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SP-169-D
as the interconnects between the KSC equipment and networks and the dc power
and AGCS electrical integration patch racks that are provided by MSFC. The
electrical cables between the end items, pneumatic control distributors, the
relay distributor, and the MSFC patch rack and dc power panel are designed and
provided by DE. The cable interconnect drawing is presented in figure 2-2.

High-pressure distributor 59A4 is located in the first floor of the AGCS
and provides the electrical interconnect between the high-pressure GN, and H,
supply system and components at the pad storage area and relay distributor
55A1A2. J box 59A1A1 serves as the interconnect between relay distributor
55A1A1 and the hydraulic cart electrical system and certain monitoring functions
related to the hydraulic system. The cables between the end items, the high-
pressure distributor and the relay distributor and J box 59A1A1 are designed

and provided by DE. The electrical interconnect drawing is presented in figure
2-3.

Relay distributor 55A1A1, located in the first floor of the AGCS, pro-
vides the interconnect between the propellants systems, the facilities equipment,
the MSFC dc power distributor, and the DE electrical networks on the umbilical
tower by way of facility distributor 69 and the umbilical distributors on the
umbilical tower. It also contains the DE relay and diode modules that provide
the logic and transfer functions for the DE electrical equipment on the umbilical
tower. In the same area, and interconnected with relay distributor 55A1A1, are
the DE checkout racks 55A2 and 55A8. Checkout rack 55A2 contains the follow-
ing panels:

DE Power Supply

Power Panel

Preumdtic Control Distributor
Valve Panel No. 5

Valve Panel No. 10

Launcher Panel

Checkout Distributor

wremoao T

Checkout rack 55A8 contains the following panels:

Power Panel

Apollo Access Arm Panel

Valve Panel No. 9

Umbilical Arm Accumulator Charging Panel
Umbili¢al Arm Panel

Checkout Distributor

o Ro o

The cabling between the checkout racks and relay distributor is designed and
provided by DE.
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2-2. UMBILICAL SERVICE ARMS

Four umbilical service arms are situated on the LC-34 umbilical tower;
these arms service the following positions on the Saturn IB vehicle:

SI Booster Stage

S-IVB Stage - Aft

S-IVB Stage - Forward and Instrument Unit
Apollo Service Module

0 T e

The service arms carry. the propellant servicing lines and the electrical power
control and monitoring cables from the umbilical tower to the various vehicle
stages.

Service arm retraction is initiated through two lift-off switches located
on holddown arms, number 2 and number 4. An arming command provided by
the automatic launch sequence program energizes the appropriate dc bus in
distributor 54A1, providing 28-vdc power to the two identical switches for
redundancy and reliability. As the vehicle rises, the lift-off switches close,
energizing two parallel latching relays that actuate the valves through the
appropriate circuits which execute retraction of the service arms. The umbilical
arms monitoring panels are located in the LCC. They are designed and provided
by MSFC. Design criteria are obtained from DE.

The cabling in the following areas is designed and provided by DE:

a. From the UB distributors to the crossover distributors and then from
the crossover distributors to the vehicle at each service arm location except at the
Apollo service module

b. From the UB distributor to the DE valve panels and hydraulic control
panel at, or adjacent to, each service arm tower level

Cable interconnect diagrams for the umbilical service arms are presented in
figures 2-4 through 2-7. -

2-3. APOLLO ACCESS ARM

The Apollo access arm is retracted by way of a command from a control
panel in the LCC, The arm is retracted at approximately T-20 in the countdown.
The system is designed so that the access arm may be returned to the extended
position to permit egress from the Apollo command module in an emergency con-
dition or an abort.

Required cables to the environmental chamber, pneumatic equipment
box, Apollo gaseous oxygen (GOX) module, and the hydraulic control panel at

2-9/2-10
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the access arm level are designed and/or provided by DE. The LCC panel is
designed and furnished by MSFC. Design criteria for the LCC panel are furnished
by DE. The cable interconnect diagram for the Apollo access arm is presented

in figure 2-8, sheet 1 of 2. The cable interconnect diagram for the environmental
chamber, Apoilo GCX module, and pneumatic equipment box is presented in figure
2-8, sheet 2 of 2.

2-4, CABLE MASTS, FUEL AND LOX MAST RETRACT AND HOLDDOWN
ARMS RELEASE

The command signal for the cable and the propellant masts retraction
and the holddown arms release is provided by the automatic launch sequence pro-
gram by way of the MSFC ESE that forms an interface with relay distributor
55A1A1. The relay logic therein actuates the components in the appropriate
valve panels, thereby executing the retract or release ¢ycle. The cable inter-
connect diagram showing the functions is presented in figures 2-1 and 2-9.

2-5.  HYDRAULIC CART

The hydraulic cart is located in the first floor of the AGCS. The cart
provides the hydraulic power in the accumulators for actuating the umbilical
arms and the Apollo access arm.. The hydraulic pressure is remotely controlled
by means of the hydranlic control panels located at the 90-foot, 110-foot, 160-
foot, and the 200~foot levels on the umbilical tower. The electrical system criteria
for the hydraulic cart are provided under the design cognizance of DE.

2-6. ENGINE SERVICING PLATFORM

The engine servicing platform serves as an accessory to the launcher.
It provides a retractable platform under the vehicle to facilitate servicing in the
boattail area and to permit engine removal, if required. The platform and engine
removal winch are operated manually. The electrical systems for operating the
platform were designed under the cognizance of DE.

2-1. ENGINE SERVICING TRAILERS

The primary functions of the engine servicing trailers are to provide
metered RP-1 fuel for the TC fuel jack services, regulated GNy, and pres-
surized trichloroethylene solvent for LOX dome decontamination and engine re-
moval decontamination services of the H-1 engine assemblies. The secondary
functions of the trailers are to provide pressurized trichloroethylene solvent,
RP-1 fuel, and regulated GN, for pressure leak test flushing and/or purging
services on components, lines, and tubing throughout the launch complex that
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are within the preregulated flow rate capabilities of the trailer. Operation is
controlled by ac and dc electrical circuits and mechanical components located
at the distributor assembly and operator panels on each trailer and at various
points within the trailer enclosure. (See ligure 2-10.) The electrical.systems
for operating the engine servicing trailers were designed under the cognizance

of DE.

FLOWMETER

REGISTER - /\L;; PANEL

FUEL LEVEL.
TANK 2 GAUGE

HOSE

CONNECT

POINTS TOTALIZER
ROTARY FLOWMETER

PUNP

HOSE AND

HOSE A PUNP

ASSEMBLIES /| MOTOR
e
REEL  DISTRIBUTOR  STARTER

BOX ASSEMBLY

Figure 2-10. Operator's Control Panel, Engine Serviéing Trailers
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SECTION III
PROPELLANTS AND GASES ELECTRICAL SYSTEMS

3-1. GENERAL

The Propcllant Systems Branch (DP electrical equipment in the LCC
and AGCS for propellants and gases consists of the following:

a. LCC-11 racks, containing the following equipment, in the noted
quantities:

(1) RP-1 DC Power Panel - 1

(2) RP-1 Components Panel - 1

(3) RP-1 Control Panel - 1

4) RP-1 Relay Distributors - 2

(5) S-IB RP-1 Tanking Computer Panel - 1

(6) Common Relay Distributor - 1

(7) Propellants and Gases System Power Control Panel - 1
(8) LOX Relay Distributors - 3

(9)  Communications Monitor Panel - 1

(10) LOX DC Power Panel - 1

(11)  LOX Companents Panel - 1

(12) = LOX Control Panel - 1

(13) Timer Panels, LOX and LHg - 2

(14) LOX Supply Monitor Panel - 1

(15) S-IVB LOX Tanking Computer Panel - 1

(16) S-IB LOX Tanking Computer Panel - 1

(17) Liquid Hydrogen (LHg) DC Power Panel - 1

(18) LHg Components Panel --1

(19) LHg Control Panel - 1

(20) . LHg Relay Distributors - 2

(21) -LHg Monitor Panel - 1

(22) S-IVB LHy Tanking Computer Panel - 1

(23) Digital Events Evaluator (3 racks and 1 teletypewriter) - 1
(24) Chiller Control Panel (ECS) - 1

(25)  Service Module Panel (ECS) - 1

(26)  Command Lunar Excursion Module (LEM) Panel (ECS) - 1
27) Distributors (ECS) - 3

(28) Conditioned Gas Temperature Evaporator Discharge Panel - 1
(29) Intake Air Nitrogen Purge Panel - 1

(30) System Control Panel - 1

(31) Converter Compressor Distributor - 1

(32) Instrument Unit Panel - 1

(33) S-IVB Engines Panel (ECS) - 1

(34) RP-1 Auxiliary Components Panel - 1

3-1
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(35) LOX Auxiliary Components Panel - 1
(36) LHy Auxiliary Components Panel - 1
(37) S-IB FWD Panel

(38) S-IB Engines Panel

b. AGCS - 10 racks, containing the following equipment, in the noted
quantities:

(1) ECS Converter AC Power Panel - 1

(2) ECS Converter Panel - 1

3) 27-Connector Shielded Patch Racks - 2
4) 14-Connector Shielded Patch Rack - 1
(5) Main DC Power Panel - 1

(6) Negative Bus Panel - 1

(7) Propellant DC Power Distributor - 1

(8) 54-Connector Unshielded Patch Rack - 1
9 S-IVB LOX Tanking Computer - 1

(10) S-IVB LHy Tanking Computer - 1

(11) S~-IB LOX Tanking Computer - 1

(12) S-IB RP-1 Tanking Computer - 1

(13) Tanking Computer Patch Rack (42 unshielded connections) - 1
(14) Spare - 1

3-2. RP-1 TANKING ELECTRICAL SYSTEM

NOTE

The loading procedures described herein are
preliminary and are subject to change.

The RP-1 electrical system includes equipment in the RP-1 storage
facility, the RP-1 electrical equipment house, the RP-1 pit in the launch area,
and in the gases and propellants racks in the LCC,

DP equipment located in the RP-1 storage facility and the electrical
equipment house includes the following, in the noted quantities:

Negative Bus Panel - 1

DC Power Panel - 1

Distributor - 1

Fuel Control Box - 1

440 VAC Power Panel - 1

Starters for 150-HP Fuel Transfer Pump Motors - 2
Starters for 10-HP Filter/Separator Pump Motors - 1
Terminal Distributors - 3

PR oo o
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DP equipment located in the RP-1 pit in the launch area consists of one
terminal distributor and one replenish valve control assembly.

The RP-1 system uses two 1, 000-gpm centrifugal pumps that are powered
by two 150-hp, ac motors for fuel transfer. The fuel transfer pumps and the storage
tank fill and refiltering pumps, powered by a 10-hp, ac motor, are ilocated at the
storage facility.

Contained in the propellants and gases racks in the LCC are the RP-1 control
panel, the RP-1 components panel and the RP-1 PTCS control and monitor panel.
The control panel controls power, fill command, drain command, level adjust com-
mand, replenish, and the mode of operation (''operate, " '"simulate, "' and ""manual'’)
for the RP-1 system., The control panel face layout is shown in figure 3-1.

The components panel monitors and controls various functions of the S-IB
stage, launch area, and storage facility, The components panel face layout is
shown in figure 3-2. Conditions monitored on the S~IB stage are vent valve positions,
fill and drain valve positions, and overfill indications. Monitored in the launch area
are liquid sensor, booster.line valve positions, and level adjust valve positions. Mon-
itored in the storage area are fast fill valve positions, restricted flow valve positions,
pump mmotors conditions; liquid sensor indicators, gravity drain valve positions, power
drain valve positions, and RP-1 temperature at the transfer pumps and filters. The
propellant loading ground equipment test set is used to check out the RP-1 electrical
system,

Provided that the system is in standby condition the automatic fill sequence
is initiated by positioning the selector switch to OPERATE position and depressing
the FILL SEQUENCE pushbutton on the RP-1 control panel. RP-1 is pumped from
the storage area to the S-IB fuel tanks at a rate of approximately 2, 000 gpm. The
fast fill continues until 98 percent of full level is reached. At this point (98 percent),
the fuel flow is decreased to 200 gpm by means of the slow fill sequence initiated by
a command signal from the propellant tanking computer system (PTCS) and RP-1 flow
continues to the 102-percent level in the S-IB fuel tank, At this level (102 percent),
the fuel in the transfer line is drained back to the storage tank through the jet eductor.

At the appropriate time in the countdown, the level adjust command is executed
and the S-IB fuel tank is drained through the level adjust valve to the 100-percent
mission level. The level adjust valve is a throttling valve that is controlled by the
PTCS. immediately prior to engine ignition, the line inerting sequence which com-
pletes the fuel loading sequence is executed.

In the event of an aborted launch, the S-IB stage fuel tank is drained by initiat-
ing the drain command. The fuel tank is gravity drained until it is more than 90-percent
empty, following which, a power drain operation is utilized to complete draining of the
vehicle transfer lines. The RP-1 schematic showing the electrical system interconnects
and the electrical equipment location is presented in figure 3-3.
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SP-169-D

3-3. LOX TRANSFER ELECTRICAL SYSTEM

The LOX system consists of the LOX storage area and the L.OX transfer
system. Included in the storage facility is the following DP electrical control
equipment, in the noted quantities:

a. Main Control Distributor - 1
b. Instrumentation Distributors - 2
c. Pad Distributor -1
., d. Relay Box - 1
e. Starters for 15-HP Heat Exchanger Blower Motors - 2
f. Starter for 20-HP Replenishing Pump Motor - 1
g. Starter for 350-HP S-IB Main Transfer Pump Motor - 1
h. Starters for 200-HP S-IVB Main Transfer Pump'Motors - 2

- The LOX transfer system provides liquid oxygen for filling and replenishing the
Saturn IB vehicle LOX tanks for each stage. The electrical system provides for
the operation, control, checkout, and monitoring of the LOX transfer system
which is performed remotely from the LCC.

The LOX system uses two main centrifugal transfer pumps. One is the

- 1, 000-gpm S-IVB transfer pump that is powered by a 200-hp, 440-vac, 3-phase,
induction motor, The other is the 3,100-gpm S-IB transfer pump that is powered
by a 350-hp, 440-vac, 3-phase, indi.lction motor. The LOX replenish pump is

a 70-gpm (approximately) centrifugal pump driven by a 20-hp, ac motor. The main
transfer pumps are used for the fast fill operation. The replenish pump is used

to back up the replenishing tank which provides for topping and maintaining the
oxidizer levels in the vehicle tanks by pressure transfer as controlled by the PTCS.

Located in the LCC are the following six panels:

a. LOX Control Panel

b. LOX Components Panel - 2

c. Auxiliary Components Panel

d. S-IVB LOX Mass Control Panel
e. S-IB LOX Computer Panel

The control panel controls power, fill commands, drain commands, and the
mode of operation as shown in the panel face layout presented in figure 3-4.
The components panel controls and monitors various functions in the S-IB and
S-1IVB stages, the storage facility, and the launch area. The components
panels monitor conditions at the storage area, the transfer lines, and vehicle.

3-9/3-10
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SP-169-D
Conditions monitored and/or controlled in the vehicle by DP LOX system ESE
are vent valve positions, fill and drain valve positions, overpressure indications,
overfill indications, and replenish valve positions. Conditions monitored or
controlled in the storage area are storage tank level, tank vent valve positions,
replenish line valve positions, tank pressures, pump discharge pressures, re-
plenish line vent valve positions, and circulating valve positions. Conditions
monitored and/or controlled in the launch area are umbilical arm line veni valve
positions, main fill valve positions, replenish bypass valve positions, and the
S-IVB LOX liquid sensor.

Control is provided for the LOX system in the LCC control panel for
automatic loading, simulate, and manual arming. The simulate command
executes automatic sequencing of the entire LLOX tanking operation without
transfer of the LOX or operation of the transfer pumps. The LOX is cut off
manually at the storage tanks. The manual arming command energizes a series
of toggle switches on the components panel which permit any of the following
actions:

a. Individual operation of any component in the system
b. Operation of a series of components to execute any sequence in
the LOX tanking cycle
c. Capability of performing the entire LOX transfer operation manually
d. Manual operation of most components or series of components at any
chosen point while in the automatic mode

The face layout of the components panel is presented in figure 3-5. The LOX
loading in the automatic mode is controlled by relay logic located in the timer panels
in the relay distributors in the LCC. Control commands and status information
exchange between the LCC, AGCS, launch area, and storage facility is by way

of hardwire circuits.

The PTCS monitors propellant mass during vehicle loading and provides
discrete signals {o the LOX system that are used during the automatic sequence
for monitoring and controlling the vehicle oxidizer tanks at 100-percent full or
at mission levels. The mission levels are maintained by the LOX system through
the replenish valve for each stage which are modulated by the PTCS. The test
equipment used in the LOX system checkout is the propellant loading ground
equipment test set.

The LOX loading sequence is as follows: when prerequisite conditions
are met throughout the LOX system, the storage tanks are pressurized and the
precooling of the S-IVB fill line is executed for an interval of approximately
5 minutes. LOX is then loaded in the S-IVB LOX tank to 5 percent whereupon

3-13/3-14
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To be supplied when available.

Figure 3-5. Components Panel Face Layout, LOX Transfer Electrical
System (Sheet 1 of 2)
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To be supplied when available.

Figure 3-5. Components Panel Face Layout, LOX Transfer Electrical
System (Sheet 2 of 2)
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the S-IVB fast fill is executed to the 93-percent level. The S~-IVB main fill line
is then drained and the S-IB main fill line is precooled and the S-IB LOX tank
filled to the 22-percent level, using storage tank pressure. At this point, .fast
fill is executed with the S-IB transfer pump to the 98.5-percent level. The

S-IB main fill line is then drained and the S-IVB LOX tank is slow filled to 100
percent by way of the replenish line. The S-IB 1.OX tanks are then slow filled
to the 100-percent level. During countdown operations, the LOX level is main-
tained at mission requirements through the LOX replenish control valves which
are controlled by the PTCS. The interconnect diagram showing the LOX system
equipment and locations and cable interconnects is presented in figure 3-6.

3-4. LIQUID HYDROGEN TRANSFER ELECTRICAL CONTROL SYSTEM

The LHy system consists of the storage facility, the transfer system,
and the venting system.

Included in the equipment house is the following DP electrical equipment
for the LHg system, in the noted quantities:

(a) Control Rack cohtaining Control Distributors 1 and 2, a LH2. DC
Power Panel, and a LH, Monitor Panel - 1
(b) Motor Starter for 15-HP Storage Tank Vacuum Pump Motor - 1

Included at the storage facility is the following DP electrical equipment
for the LH, system, in the noted quantities:

(a) Storage Tank Distributor Instrument Cabinet Sections (1 and 2) - 1
(b) 15-HP AC Vacuum Pump Motor - 1 (Portable)
(¢) Terminal Distributor - 1

The LH, propellant loading system is a remotely controlled system used
to transfer LH, propellant from the storage facility into the S-IVB stage of the
Saturn IB and to purge the LHy transfer lines and the S-IVB LH, tanks.

The LHg propellant transfer is’ accomplished by pressurization of the

LH2 storage dewar. This is done by means of a vaporizer heat exchanger system

and the LH, is thereby forced through a valving network and hence to the LH,
tank of the S-IVB stage.

3-17/3-18
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SP-169-D
Located in the LCC are the following four panels, in the noted quantities:

LH, Control Panel - 1

LHy Components Panel - 1

LHy Monitor Panel - 1

5-IVB LHy Tanking Computer Panel - 1

aoow

The control panel controls power, fill and drain commands, and the mode of
operation. The components panel monitors and/or controls various functions
in the umbilical tower and the storage area. The LHo monitor panel monitors
status information at the storage facility and the launch pad. Conditions mon-
itored and/or controlled by the components panel on the S-IVB stage are fill
and drain valve positions, LHg vent valve positions, overfill indications, and
overpressure indications. Monitored and/or controlled on the umbilical tower
are S-IVB replenish valve positions, S-IVB main fill valve positions, S-IVB

Hg transfer line purge valve positions, S-IVB transfer line purge valve positions,
S- IVB vent line purge valve positions, S- IVB debris valve positions, S-IVB
umbilical line purge indications, S-IVB umbilical line drain indications, Hg
heat exchanger indications, and S-IVB liquid sensor indications. Monitored
and/or controlled at the storage area are storage tank vent valve positions,
storage tank pressure, chilldown transfer line conditions, transfer line vent
conditions, and liquid sensor indications. The monitor panel monitors tank
pressure and level in the storage area, S-IVB transfer line pressure and S-IVB
filter d1fferent1al pressure on the umbilical tower, and S-IVB tank and S-IVB
vent pressure on the vehicle. The face layouts of the LHy control, components,
and monitor panels are presenied in figures 3-7, 3-8, and 3-9. respectively.

Control is provided for the LHy system in the LCC control panel for
automatic loading, simulate, and manual arming. The simulate command
executes automatic sequencing of the entire LHg tanking operation without actual
transfer of LHg. The simulate mode is exercised with the LHy shut off manually
at the storage dewar. The manual arming command energizes a series of toggle
switches in the components panel which permit any of the following actions:

a. Individual operation of any component in the LHo system

b. Operation of a series of components to execute any chosen
sequence in the LH, tanking cycle

c. Capability of performing the entire LHy transfer operation manually

d. Manual operation of any component or sequence of components at
any chosen point while in the automatic mode

Control commands from the LCC and status information exchange

between the launch area, storage facility, and the LCC are transmitted by
hardwire circuits.
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To be supplied when available.

Figure 3-9. Monitor Panel, LH2 Electrical Control System
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SP-169-D
The PTCS provides the signals during the automatic loading sequence
which control and maintain the LH, level in the S-IVB propellant tank at 100-
percent full or mission level. The propellant loading ground equipment test
set is used for the LHy systems checkout.

The LHy loading sequence is as follows: provided that the LH, transfer
system preparations have been completed and the system is operationally ready,
the LH, fill command is executed and initiates the subsequent actions. Storage
tank pressurization begins; when storage tank pressurization reaches 8 psig or
higher, the transfer line and S-IVB fuel tank chilldown occurs until the transfer
line temperature drops to minus 406°F or lower. At minus 406°F the initial
S-IVB fill begins at a LH, flow rate of approximately 500 gpm. The 5-percent
level signal initiates the fast fill sequence at the rate of approximately 2,500
gpm. The fast fill rate continues until the 93-percent level is reached, whereupon,
the main fill valve is closed and the S-IVB slow fill resumes. A 10-minute interval
is provided to allow stabilization of the LHy in the S-IVB during which the replenish
valve is wide open, supplying LH, at a rate of approximately 250 gpm. At the
end of the 10-minute interval, the S-IVB main fill valve is opened to the inter-
mediate position, supplying LH, at a rate of approximately 500 gpm. Replenish-
ing is maintained by interaction of the slow fill and the replenishing sequence
until a signal from the PTCS terminates the sequence. After lift-off, the storage
tank is vented and line drain is accomplished. '

3-5.  PROPELLANT TANKING COMPUTER SYSTEM

. The PTCS designed for LC-34 controls the loading and replenishing of
LOX, LHg, and RP-1 aboard each Saturn IB vehicle. The PTCS for an individual
propellant tank compares propellant level indication inputs from a mass sensing
system aboard the vehicle with a reference standard and then adjusts the flow of
propellant te meet predetermined vehicle requirements. This explanation of
PTCS operation applies specifically to S-IVB LOX tank loading and S-IVB LH,
tank loading. The operation of the PTCS being designed for the S-IB stage,
though similar, will include certain differences which are noted later in this
discussion.

The PTCS function begins with the energizing of a servo-driven potentio-
meter. The servo-driven potentiometer, which is mounted on the vehicle, is
part of the propellant utilization system for the S-IVB LOX tank. The resultant
(output) signal from the potentiometer varies with the propellant level. The
output signal and a reference signal are fed to the PTCS where they are inserted
into the automatic computer. (See figure 3-10.) In the automatic computer,
the signals are filtered to minimize noise and then introduced to a summing net-
work. In the summing network, the level signal is compared with the reference
signal whose value is equivalent to a ''100% Flight Mass' indication.
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The error (difference) between the two signals is then channelled through an
amplifier and into the automatic valve control assembly. In the automatic valve
control assembly, the electrical signal from the computer is converted into a
pneumatic pressure which in turn controls the setting of the replenish valve.

The filtered signals are also fed into the ratiometer where they are con-
verted into a digital signal with a numerical value equal in percent to the pro-
pellant mass in the tank. The digital signal from the ratiometer is then routed
into the discrete generator where its numerical value is compared with preset
discrete values which mark the following six specific points in the fueling cycle:

Start fast fill

Start cold GHg load

Stop fast fill

Replenish normal

Stop slow fill

Flight mass - upper limits and lower limits

0o 0T

/

As each one of these specific points is reached, a circuit in the discrete gene-
rator is energized and transmits this information to the propellant control net-
works. An indicator on the control and monitor panel is also energized to
display each point of the loading cycle that has been completed.

The digital signal from the ratiometer is also fed directly into the control
and monitor panel. This panel, located in the LCC, displays the ratiometer
signal as a 5-digit decimal number. The panel, shown in figure 3-11, provides
readout displays for both the automatic and manual modes.

The automatic filling cycle for the propellant tanks, from chilldown to
flight mass completion, is a precisely organized sequence of events. The points
at which activities are started and terminated are related directly to the pro-
pellant level in the tanks; commands to the transfer facilities are initiated in
the propellant control networks by discrete signals received from the discrete
generators. :

A simplified block diagram showing a complete PTCS and the location
of its major units is presented in figure 3-12. The diagram also demonstrates
the cable-sharing approach used to reduce overall cabling requirements.

Normal operation of the PTCS is fully automatic. Unless some mal-
function occurs, the operator at the control console simply observes the pro-
pellant loading operations. The PTCS design, however, does include a complete
manual system that is wired in parallel with the automatic system already dis-
cussed. The manual system provides an independent reference monitor during

automatic operations and permits manual takeover at any point in the loading cycle.
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The manual computer also contains the equipment for checkout of the
PTCS. A standardization and simulate circuit in the computer can be switched
into the signal circuit to simulate the vehicle signals or to calibrate the read-
outs on the control and monitor panel. The simulate-calibrate controls are
located on the control and monitor panel.

The signals from the vehicle, as described in the automatic operation,
are fed through parallel filter networks into a ratiometer exactly as in the
automatic system. The signals are converted into a digital signal and fed into
the control and monitor for display on the manual readout portion of the panel.

Should any malfunction occur in the automatic channel, the operator can
switch to manual mode on the panel and feed a controlled digital signal into a
digital-analog converter. The analog output signal is then fed into an amplifier,
and from the amplifier to the manual valve control assembly which is a duplicate
of the unit in the automatic system. The manual valve control assembly, through
a parallel pneumatic circuit, can also adjust the replenish valve to complete
propellant loading. In addition, the operator can elect to introduce discrete sig-
nals into the propellant control networks by operating switches on the control
and monitor panel. This permits the operator to provide manual substitution
for the discrete generator.

All PTCS equipment is divided among the tower, AGCS, and LCC. (See
figure 3-13.) Equipment in the tower is limited to the automatic and manual
valve control assemblies, both of which are housed in a single cabinet. PTCS
components installed in the AGCS are packaged into a single rack for each system.
Equipment for each PTCS includes two ratiometers, two computers, the discrete
generator, a power supply, and a power distributor. Equipment in the LCC will
consist of one control and monitor panel. A typical control and monitor panel
is shown in figure 3-11. It should be noted that some panel design details are
not yet firm.

The two PTCS's for the S-IB LOX and RP-1 differ slightly from the two
PTCS's for the S-IVB LOX and LHy. (It should be remembered that the PTCS's
for S-IVB LOX and LHy are essentially identical.) The PTCS's for S-IB differ
in that they receive their level signals from continuous readout A P sensors
rather than from capacitance probes. The signals from the A P sensors, there-
fore, require conditioning to change them to the proper value for the computers.

A block diagram of the S-IB PTCS's is presented in figure 3-14. The PTCS's
for the S-IB differ also in the adjust level drain. A RP-1 density correction
factor will be supplied from a source outside the PTCS's.

3-6. CONVERTER COMPRESSOR

The converter-compressor facility comprises a 35, 000-gallon storage
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dewar, a tank vaporizer, four high-pressure liquid nitrogen (LNs) pump and
vaporizer units, three high-pressure H, compressor units, two low-pressure
LNy vaporizers (200-gpm), H, dessicant units, a nitrogen gas drier and purifier,
and associated equipment. The facility layout is presented in figure 3-15. The
system layout is presented in figure 3-16.

The converter-compressor facility converts LN, to high-pressure GNo.
The high-pressure GN, is delivered at 6, 000 psi to the high-pressure storage
batteries at the launch pad. The high-pressure storage batteries supply the
pneumatic system. GNs is supplied directly to the ECS at 45 psi.

GH,, is supplied to the compressors in the converter-compressor:
building from GH o tube bank trailers. The GH, pressure from the tube bank.
trailers is increased to 6,000 psi by the three helium compressors prior to
delivery to the high-pressure storage batteries.

The LN, is converted to GN, in this system by means of the four pump
vaporizer units. Electrical control of the system is centered on a control panel
that is an infegral part of a control cabinet mounted on the pumping unit assem-
blies.

The electrical system provides power for the 50-hp, ac pump motors,
the 20-hp ac vaporizer blower motors, the 100-hp ac helium compressor motors,
and the 30-hp, ac low-pressure vaporizer blower motors.

The electrical control and monitoring system layout showing the equip-

ment locations and systems interconnect schematic for the LC-34 pneumatic
system is presented in figure 3-17.
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SECTION IV
ENVIRONMENTAL CONTROL SYSTEM

The ECS is not presently defined. Information pertaining to the ECS will be
presented at a later date.
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